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NATIONAL ADVEORY COMMITTEZ FOR llExmmICS
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EZPERIMENTALPRE3SUREDI2TRIRUTIOl?ONFWELACZ

NOEiE:ARDPILOTCANOPYaFSWEFGONICAIIipLAmE

AT MACH NUMHER 1.90

EyDeMarquis D.mtt

SUMMARY

An investigation of the pressure distribution on the fuselage
nose and the pilot canopy of 8 SUpersOniC airplane model h8S been
conducted at 8 Mach nlmiber of 1.20 over 8 wide r8&e of 8ngles of
attack asd y8w* The pressure distributions conformed to anticipated
trends. Round8ry-layer separation apparently occurred from the
upper surface at angles of attack above 24O and from the lower sur-
f8Ce 8t -15O. No sepsration from the sides of the fuselage was
eddent 8t ;paW angles Up to 12O.

.
a INTROIXJCTION

Theoretical methods 8re available for the C&xl8tiOn Of pres-
sure distributions on conical bodies 8nd sxislly symmetric non-
Conical bodies in 8 supersonic  Stre8m, but no S8tiSf8CtOIy methods
8re available for the treatment of arbitrary nonCOniCal bodies
wlthout 8xial symmetry. In order to determine the pressure dis-
tribution on 8 nOnCOniC8l 8irplaae fuselage without axial Sgnmtstrg,
8 model w8s expe&mentLl.ly investigated. Data were obtained over
8 wide range of angles of attack and yaw 8t 8 M8ch number Of 1.20
in the NACA Cleveland 18- by 18--h supersonic tunnel.

APPAELATUSAHDPROCEDURE

The test-section Mach number in the 18- by 18-inch supersonic
tunnel in the region in which the model w8s located w8s 1.90 f 0.02,
8s determined by a calibration of the tunnel. Tunnel-inlet condi-
tions were maintained at a stagnation temperature of 1!50° f loo F
and a dew-point temperature of -10' *loo F. The Reynolds nuder
of the model, based on the model length, was approximately 3.8 X 106.

,
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Photographs of the br8SS model of the fuselage nose and the
pilot casopy of a supersonic airplane are presented in figure 1.
A sketch of the model showing principal dimensions and typical cross
sections is presented in figure 2. The length of the model over
which pressures were measured was 13.50 inches. Static-pressure
orifices of 0.013-inch diameter were located along several longi-
tudinalbodylines of themodel. The orifice locations are given
in table I in terms of the ratio x/L and the 8ngle 8, where x
is the distance from the tip of the model to the orifice, L is
the length of,the model over which pressures were measured
(13.50 inuhes), and e is the angle between the top of the model
8nd the orificd, measured in a clockwise direction looking forward.
Pressures were recorded from a multiple-tube manometer board using
tetrabromoethane as a fluid and were read to the nearest 0.05 inch
of fluid.

The model was supported from the rear by a cylindricsl  body
that was pinnedto 8 strutpassingtbroughthe bottomof .the tunnel
w3. l(a )) l The strut was split and could be adjusted from outside
the tunnel to vary the sngle of attack of the model during oper8tion
of the mel. The aagle of attack of the model w8s determined from
cathetometer  measurements taken during operation. For variations
inyaweagle, themodelwas rotatedQOO inthemountingfromthe
position shown in figure l(8).

The investigstion w8s caducted at 0' angle of VW over sn
angle of attack range from -l5O to 30°, 8nd at O", 5 , and loo
angles of 8tt8Ck over 8n angle of y8w range from -l5O to l5O.
Ad8ptor mountings were inserted between the model and the support
body to give the So and 10' anghs o$ attack for the inVeStigEhiOn
of yaw effects at angles of attack. The modelxas centered in the
tunnel at 0' deflection for 8ll phases of the investigation in
which the yaw angle w&s varied and for runs at neg8tive 8r@es of
attack and 0' y8W. m order to avoid tunnel-wall interferences,
the model was lowered 8bOUt 3 inches in the tunnel for positive
an.@e of attack 8t 0' y8W 8ngle.

RE5ULTgANDDISCUS5ION

h-t8 8re presented in tables II to V in the form of pressure
coefficient Cp at e8Ch Orifice for e8Ch Condition tiveStig8ted.
The pressure coefficient is defined by the equation

P-0cp=x (1)
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where p fs the local surface pressure, p. is the free-stream
static pressure, and q0 is the free-stream dynsmic pressure.

The date presented fn table II were obtained with the model at
two vertigal positions in the tunnel. Pressure coefficients meas-
ured at 0 angle of 8tt8Ck Varied 8s much 8s 0.08 for COrreSpOnding
orifices between the two runs. Check rum substantiated this dis-
crepancy. The variable yax angle tests were made with the model
centered in the tunnel in the same vertical position 8s for the
negative Angle Of 8tt8Ck tests, but the d8t8 for O" angle Of y8w
(tables III to V) show good agreement with the dats obtained at
positive 8ngle of attack. Because of the ae;yeemnt between the
d8t8 for positbe a?l@eS of attack and d8ta for Variable 78W
8ngles, the d8t8 in table II 'for negative angle of attack are
believed to be incorrect.

Typic8l schlieren photographs of the model 8re presented in
figure 3 for conditions of O" y8w 8ngle and several angles of
attack. An apparent pronounced bound8ry-layer separation from the
top (eqmnsion) surface of the model w8s observed at -es of
attack of 30° and 24O (figs. 3(8) and 3(b)). Inconsistent V8ri8-
tions in the pressure coefficients Iae8SUred on the upper surface
that were observed for these conditions are attributed to the
apparent sep8ration.

Theboundarylayer didnotappear.to separste framthebody
8t the lower 8Z@meS of attack, SlthOugh the layer Was appreciably
thickened 8bOUt hslfway between the tip 8nd the pilot c8nopy at
18' angle of attack (fig. 3(c)). Below an 8ngJ.e of attack of 18O,
no thickening of the bomd8ry
3(f)).

18yer ~89 evident (figs. 3(d) to
The boundary-layer growth on the lower surface was moderate

at -6O angle of 8tt8Ck (fig. 3(g)), but separation appesred to
occur near the tip at -15O (fig. 3(h)).

The appsrent line of diSCOntinUity in the Separated region
adjacent to the upper surface of the body at 24O angle of attack
(fig. 3(b)) cannot be exglained. This line was noticeable near
the canopy at 21° angle of attack 8nd persisted up to 27O angle
of attack, The line was not transient, being visible on the
schlieren screen during steady obsermtion  of the flow.

The schlierm photOgr8phfJ in figure 4 are typical of those
obtained for all runs at variable yaw angle. operation up to yaw
angles of 12O C8USed no appreciable thickening or obsemable
separation of the bound8ry layer. .
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Pressure distributions along longitudinal planes on the model
are plotted in figure 5 from the data in table II for a representa-
tive range of angles of attack at 0' yaw angle. Dsta for O" angle
of attack were taken from only the positive angle of attack run.
The pressure coefficient trends conformed to the anticipated trends.
Because of flow expansion along the nonconical body, the pressures
decreased in a rearward direction. Pressures increased appreclebly
on the canopy as compared with the fuselage nose because of the
shock originating from the canopy. Thecanopyhadnofnfluenceon
the pressures on the lower part of the body.

Longitudinal pressure distributions are plotted in figures 6
to 8 for a range of yaw angles at O", 5O, and loo angles of attack,
respectively. Because of body symmetry about the vertical plane
through the centerline of the body, it was wctedthatthe values
of pressure coefficient measured at the intersection of this plane
with.the top and the bottom of thebody would be the same for both
positive snd negative yaw angles. The experimentally measured pres-
sure coefficfents  were the SUTS for positive and negative angles of
yaw, indicating uniform conditions in the tunnel air stream.

Radial. pressure distributions at two locations on the body are
presented in figures 9 to 12. IMa for these figures were obtained
from the faired curves of figures 5,to 8. The pressure distribution
at x/L = 0.148 (section A-A, fig. 2) was qualitatively typical of
the pressure distribution at any point on the fuselage nose ahead of
the canopy. The distribution at x/L = 0.898 (section E-E, fig. 2)
was similarly typical of the flow over the rear section of the
canopy. Because of thebodysyrmtetryaboutthevertical centerline,
curves are presented for only the negative angles of yaw in figures 10
to 12; the curves of the data for positive angles of yaw are mirror
images of the curves shown.

Pressure distributions on the flat pilot canopy sre indicated
in figures 13 to 16 for representative test conditions. The rear-
ward orifices were located on the right side of the canopy, but the
appropriate data are transposed in these figures to indicate the
pressures on the left canopy surface. A double set of values is
given at one orifice location. !Cheuppervaluewasmeasuredonthe
left and the lower value was measured on the right cenopy surface.

l

w SUMMAHPOFRESUITS

rc
The following results were obtained from an investigation of

the pressure dfstribution on the fuselage nose and the pilot canopy
of a supersonic a-lane model at a Msch number of 1.90 and a
Reynolds number of 3.8 X 106:
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1. Measured longitudinal pressure distribution trends conformed
to anticipated trends. Pressures decreased in a rearward direction
on the fuselage nose, corresponding to a flow expansion about the
nonconical body. The compression shock originating from the canopy
increased pressures on the canopy as compared with the fuselage nose.
The canopy had no influence on pressures on the lower surface of the
fuselage.

2. Apparent boundary-layer separation from the top surface of
the body was observed at angles of attack above 24' and from the
bottom surface at -l5O angle of attack.

Flight Propulsion Research Laboratory,
National Advisory Committee for Aeronautfcs, 1

Cleveland, Ohio, September 7, 1948.

.
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TABLE1 - ORIF1c!xLOCA9!10Ns  OxThmml

0.185 0.29t5

a.926 a.96: 5

.222 .33:5

8.926 a. 9625
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.241 355!
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m---w
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--w--

9.852

%.8l5
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--w-s
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--I---L

aOrifice on canopy.

Longitudinal location, x/L
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.46z
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-w-s-

---m -
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-m---

w---w
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.592

c---s

--w-w

---a-
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w---m
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,704

a----

----w

--a--

B-L--

w--m-

--m--

ao.743

----wm

.77E

--w--m

.75E

.796

.8E
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---w--

-w---w

-a----

--I---

------

0.852

--w-s

a.88s

--m-m

.87C

.906

.926

--mm-

t

0.963

-s--m

a. 926
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(a) Side vienr showing method  af mpport  .

,

(b) Tap view.

Figure 1. - PhotogrSghs of model used' in. iDV88tie;atiOn.
,
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7.6.40

(c) !chree-quEut8r  frant v&v.

(a) Tbre8-@UUhr C1OS84Q r8SX- VieW.

Figure 1. - Conclu&d.Phdographa  o f  mohlusedin  investigation.
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(a) Top view, half size.
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(b) Side view, half size.

Flgur8 2. - Sketch of model Shoring principal dtinsione and typical cross sections. ul
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(a) Typioal arms- seotlona, full sirs (fig.*.2(b)).

FI@.rre 2. - Concluded. Sketch of model. showing principal dimensiona and typical
cross sections.
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(4 Angle cf attack, 300.

.(b) Angle of attack, 24O.
Figure 3. - LmlJ.ieren P~~~pl3E of model. at o" 8ng&a of Jrsw.
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(0) we of attack, 18O.

(d) Angle of attack, 12O.

Figure 3. - Continued. Schllerenphotograpb afnmdelatO" angle of yaw.
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(e) Angle of attack, so.

(f) Ansle of attack, O”.
Pigum 3. - flba+hwd-  ~~ersnpbotomphn  ofmdelatOO~eoijsv.
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(h) Angle cf attack, -16°. .
Figure 3. - Concluded. Schlieren phohgraphs  of model at 0' a~@e of ysv.

23

(g) l!agle of uttaok, -So.
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(a) Angle of yaw, 12O.

(b) Angle of yaw, 6O.

C-22214
9.13.48

(c) Angle of yaw, o".
Figure 4. - Schlieren photogcaphs of model at 0' e&b or attack.
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0 .2 .4 .6 .8

Distance from tip, x/L

(a) 0 = 0' longitudinal plane.

F1iq.we 5. - Pressure distributions along longitudinal plane8 at
0’ yaw angle for range of angles of attack.
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(b) 8 I 45* longitudinal plane.

Figure 5.: Continued. Pressure distributions along longitudinal
plansu at o* yaw angle for range of angles of attaok.
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Angle of
attack
(deg)

0 -15
q -6A n 8.

.2 .4 .6
Distance from tip, x/L

.8 1.0

(c) 0 I 180' longitudinal plane. .

Figure 5. - Continued. Pressure distributions along longitudinal
planes at Oo yaw angle for range of angles of attack.
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Figure 5. - Continued. Pressure dintributlons along longitudinal
planes at 00 yaw angle for range of angles of attack.
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gure5.- Concluded. Pressure distributions along longitudinal
planes at O* yaw angle for range of angles of attack.
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(a) 0 r O* longitudinal plane.

Figure 6. - Pressure distributions along longitudinal planes at 0'
ax+ of attack for range of yaw anglea.
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1 I I I I I I I I I
.2 .4 .6 .8 1 . 0

Diatarq from tip, x/L

(b) 8 t 4S" longitudinal plane.

F i g u r e  6 . - Continued. Pressuh distributions along longitudinal
planes at 00 angle of attaok for range of yaw m&lea,
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(c) 8 8 180* longitudinal pl=O.

Figure 6. - Continued. P~OSSUFO diStribUtiOn8 along longitidinal
planer at 00 8ngle of attrok for range of yaw anghr.
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Figure 6. - Continued.

planea at go angle
Pressure dlstributXon8 along longitudinal
of attack for range of yaw angler.
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Figure 6. - Concluded.

planes at W angle
Pressure distributions along longitudinal
of' attaok for range of yaw angles.
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(a) 8 = O" longitudinal plane.
Figure 7. - Pressure distributions along longitudinal plane8 at

So angle of attack for range of yaw angles.
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Distance from tip, x/L

(b) 9 = 4S" longftudinal plane.

Figure 7. - Continued. Wessure  distributions along longitudinal
planes at 5 angle of attack for range of yaw angles.
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Figure 7. - Continued. Pressure distributions along longitudinal
planes at So angle of attaok for range of yaw angles.
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Figure 7. - Continuedi Pressure dietributions along longitudinal
planes at 5O angle 0r attaok for range of yaw mglss.
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Distance from tfp, x/L

(0) 8 = 270° longitudinal plane.
Figure 7. - Concluded. Pressure distributions along longitudinal

planes at 5’ angle of attack for range of yaw anglen. ,
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Figure 8,. - Pressure distributions along longitudinal planes at
loo angle of attack for range of yaw angles.
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(b) 8 = 45' longitudinal plane.

Fi&re 8. - Continued. Preesure distributions along longitudinal
planes at loo angle of attack for range of .yau angles.
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Figure 8. - Continued. Preesure dlstrfhutiona along longitudfnal
planes at loo angle of attack for range of yaw angles.
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Figure 8. - Continued. Pressure distributions along longitudinal
planes at loo angle of,attack for range of yaw angled.
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Figure 8. - Concluded. Pressure distributions along longitudinal
planes at IO0 angle of attack for range of yaw angles,
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Figure 9. - Radial preske distributions at 0' yaw angle for various
anglea of attaak.
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(b) x/L = 0.898.

Figure 9. - Concluded. Radial pressure distributions at 0' yaw angle
for various angles of attaok.
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(a) x/L = 0.148.
Figure 10. - Radial pressure distributions at 0' angle of attack for

three yaw angles,
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(b) x/L = 0.898.

Figure 10. - Concluded. Radial pressure distributions at 0' angle of
attack for three yaw angles.
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(a) X/L = 0.142.

Flgyre 11. - Radial preesurs distributions  at 5' angle of attack for
three yaw angles.
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(b) x/L = 0.898.

Figure 11, - Concluded. Radial pressure distributions at 5' angle of
attaok for three yar angles.
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Figure 12. - Radial pressure distributions at 10' angle of attack for

three yaw angles.
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Figure 18. - Conaluded. Radial pressure distributions at 10°‘angle of
attack for three yaw angles.
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Figure 13. -
angle for three anghS of attack.
P r e s s u r e  c o e f f i c i e n t s  o n  p i l o t  c a n o p y  a t  0' y a w
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(a) Angle of yaw, -12'.
.

3

(b) Angle of yaw, 0'.

.X3 0.285 0.262 0 l 24 9

(c) Angle of yaw, 12O.

Figure 14. - Pressure coefficients on pilot canopy at 0'
angle of.!attgck for three yaw angles.
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